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(minimum cost flow problem)[27]
(multicommodity flow problem)[4, 5, 6, 14, 21, 34]
[25,28]
2
$M(\in \mathbb{N})$ $I:=\{1, \ldots, M\}$ $N(\in \mathbb{N})$ $J:=\{1, \ldots N\}$
$i$ $j$ $C_{i}j(\geq 0)$ $i\in I$ $a_{i}(\geq 0)$ $j\in J$
$b_{j}(\geq 0)$ $i\in I$ $j\in J$ $x_{ij}(\geq 0)$
$\sum_{i\in I}\sum_{j\in J}$ cijxij





$x_{ij}\geq 0i\in Ij\in J$.
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$C\in\Re^{M\cross N}$ $(i,j)$ $c_{ij}$ $X\in\Re^{M\cross N}$ $\bullet$ Tr




[19]. $x_{ij}=a_{i}b_{j}/( \sum_{i\in I}a_{i})$ [8, 9, 12].
$x_{ij}$ $C_{i}j$
$\overline{x}:=(x_{1}., x_{2}. , . . . x_{M}.)^{T}$
(2)
$:=(x_{11}, x_{12}, \ldots, x_{1N}, x_{21}, x_{22}, \ldots, x_{2N}, \ldots, x_{M1}, x_{M2}, \ldots, x_{MN})^{T}$ ,
$\overline{c}:=(c_{1}., c_{2}., \ldots, c_{M}.)^{T}$
(3)
$:=(c_{11}, c_{12}, \ldots, c_{1N}, c_{21}, c_{22}, \ldots, c_{2N}, \ldots, c_{M1}, c_{M2}, \ldots, c_{MN})^{T}$ .






















. . . .
$01^{\cdot}$
$0011]$ (4)
$-1$ , $M+N-1$ [8, 9, 10, 191,
$A$






$\overline{b}=(a_{1}, \ldots, a_{M}, b_{1}, \ldots, b_{N-1})^{T}$.
$\max\overline{b}^{T}\overline{y}$
$s.t$ . $A^{T}\overline{y}+\overline{z}=\overline{c}$ (D)
$\overline{z}\geq 0$ .
$\overline{z}=(z_{1}., z_{2}., \ldots, z_{M}.)^{T}$
(6)
$;=(z_{11}, z_{12}, \ldots, z_{1N}, z_{21}, z_{22}, \ldots, z_{2N}, \ldots, z_{M1}, z_{M2}, \ldots, z_{MN})^{T}$










stepO: $\sigma\in[0,1]$ $\Xi>0$ , ep $>0,$ $\epsilon_{D}>0$ $k=0$
$(\overline{x}^{0},\overline{y}^{0},\overline{z}^{0})$






$Z^{k}\triangle\overline{x}^{k}+X^{k}\triangle\overline{z}^{k}$ $=$ $\sigma\mu e-X^{k}\overline{z}^{k}$
$(\triangle\overline{x}^{k}, \Delta\overline{y}^{k}, \triangle\overline{z}^{k})$ $\mu=\overline{x}^{kT}\overline{z}^{k}/MN,$ $e$
1 $X^{k}=$diag $(\overline{x}),$ $Z^{k}=$diag $(\overline{z})$ .
$step3$ : $\alpha^{p}$ $\alpha^{d}$ $(\overline{x}^{k+1},\overline{y}^{k+1},\overline{z}^{k+1})$
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$step4:karrow k+1$ stepl $\ovalbox{\tt\small REJECT}$
$k$ step2 $D^{k_{=X^{k}(\overline{Z}^{k})^{-1}}^{-}}$
$p:=AD^{k}(c-A^{T}\overline{y}^{k}-\overline{z}^{k})+\overline{b}-\sigma\mu AZ^{k^{-1}}e$ , (8)
$AD^{k}A^{T}\Delta\overline{y}^{k}=p$ (N)
(N) normal equation

















$\alpha_{i}^{p*}=\min\{1, \max\{\alpha_{i}^{p} : \overline{x}_{i}+\alpha_{i}^{p}\Delta\overline{x}_{i}\geq 0\}\}$ (11)
110
$\alpha_{i}^{d*}$


















$C=(\begin{array}{lll}1 2 34 5 6\end{array}),$ $a=(\begin{array}{l}24\end{array}),$ $b=(\begin{array}{l}l23\end{array})$ . (exa)
IPM3
$X^{*}=(\begin{array}{lll}0.2200 0.6695 1.11050.7800 1.3305 1.8855\end{array})$ (14)
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5
$\sigma=1/(MN)^{2}$ $\epsilon=10^{-8},$ $\epsilon_{p}=10^{-4},$ $\epsilon_{d}=10^{-4}$
CPU Intel Core 2 Duo CPU 2. $66GHz$ 2. $99GB$
MATLAB Ver 65.0 $AD^{k}A^{T}$ $A$
IPMI $AD^{k}A^{T}$ IPM2 IPM2
IPM3
1:
(exa) $\epsilon_{c}=10^{-3}$ (MATLAB )
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